In higher plants the biosynthesis of L.cysteine from L-serine, acetylCoA, and sulfide requires serine transacetylase and 0-acetylserine sulfhydrylase. The distribution of these enzymes in kidney bean (Phaseolus vulgaris L. cv. Red Kidney) seedlings was determined. Between one-third and two-thirds of the serine transacetylase activity was associated with mitochondria, whereas all of the 0-acetyl-serine sulfhydrylase activity was present in the soluble fraction of cell homogenates. In a 14-day plant approximately two-thirds of the 0-acetylserine sulfhydrylase activity and approximately one-half of the serine transacetylase activity was found in the leaves.
whereas all of the 0-acetyl-serine sulfhydrylase activity was present in the soluble fraction of cell homogenates. In a 14-day plant approximately two-thirds of the 0-acetylserine sulfhydrylase activity and approximately one-half of the serine transacetylase activity was found in the leaves.
Sulfur-deficient plants were grown to determine the effect of sulfur status on the levels of cysteine biosynthetic enzymes. Total extractable serine transacetylase activity was not affected by sulfur deficiency; in contrast, there was an increase in 0-acetylserine slltfhydrylase activity under these conditions.
The biosynthesis of L-cysteine from L-serine, acetylCoA, and sulfide by diverse organisms requires serine transacetylase and 0-acetylserine sulfhydrylase. Serine transacetylase, which catalyzes reaction I, has been Serine + acetylCoA -e 0-acetylserine + CoA (I) purified from bacterial (10, 11) and higher plant sources (14) . O-Acetylserine sulfhydrylase, which catalyzes reaction II, has been reported in bacteria (1, 11) , fungi (18) , O-Acetylserine + sulfide --cysteine + acetate (II) and higher plants (4, 14, 17) .
The microbial enzymes have received much attention in studies of the regulation of cysteine biosynthesis. In enteric bacteria, serine transacetylase, is sensitive to feedback inhibition by cysteine (9, 11); and 0-acetylserine in an inducer of several of the enzymes involved in the reduction of sulfate to sulfide (7) (8) (9) . O-Acetylserine sulfhydrylase is repressed when bacteria are grown in the presence of cysteine (9, 11) . Less is known concerning the regulation of cysteine biosynthesis in higher plants. In a single study it was reported that cysteine inhibited the in vitro activity of serine transacetylase but at much higher concentrations than those reported with the bacterial enzyme (14) . (15) . All operations were performed at 0 to 5 C, and protein was assayed by the method of Lowry et al. (12) .
Enzyme Assays. Serine transacetylase was assayed in reaction mixtures (1 ml) which contained 30 ,umoles of HEPES buffer, pH 8.5, 0.1 of ,umole acetyl CoA, 0.1 ,umole of uniformly labeled "4C-L-serine (2 /tc/,umole), and protein. Reaction mixtures were incubated for 30 min at 30 C, and the reaction was terminated by the addition of 0.2 ml of 1.5 M trichloroacetic acid. O-Acetylserine was converted to N-acetylserine, isolated, and measured as such (14) .
O-Acetylserine sulfhydrylase was assayed in reaction mixtures (1 ml) which contained 30 jtmoles of HEPES buffer, pH 7.5, 10,umoles of O-acetyl-L-serine, 0.1 ,umole of 'S-sodium sulfide (2 tLc/utmole), and protein. Reaction mixtures were incubated for 20 min at 30 C, and the reaction was terminated by the addition of 0.2 ml of 1.5 M trichloroacetic acid. L-Cysteine was isolated and quantified as reported previously (14) .
The specific activities for enzymes presented in the tables are the average of six replicates. The enzymes were assayed at 477 
RESULTS
Organ Distribution of Serine Transacetylase and O-Acetylserine Sulfhydrylase. In 14-day bean plants, approximately two-thirds of the 0-acetylserine sulfhydrylase activity and approximately one-half of the serine transacetylase activity was isolated from the leaves (Table I) ; this figure takes into consideration the difference in weight between leaves (0.59 g/ plant) and roots (0.83 g/plant). Roots were used in future studies of these enzymes because of the problem of quantitatively isolating mitochondria from leaf extracts. Subceliular Distribution of Serine Transacetylase, and O-Acetylserine Sulfhydrylase. As shown in Table I , 0-acetylserine sulfhydrylase was present primarily in the 10,000g supernatant and is regarded as a soluble enzyme, which is in agreement with observations by other workers (5). In contrast, in 7-day seedlings approximately one-third of the serine transacetylase activity was present in the mitochondrial fraction (Table I) . As the plants matured the proportion of serine transacetylase activity associated with the mitochondria increased, so that in the roots of 28-day-old plants, two-thirds of the activity was mitochondrial (Table III) . To determine how firmly serine transacetylase was bound to the mitochondria, the mitochondrial pellet was resuspended in isotonic mannitol and the mitochondria were collected following centrifugation at 6,000g for 15 min. This washing of the mitochondria did not result in any loss of serine transacetylase activity. The firm association of the enzyme with the mitochondria is also indicated by the observation that mitochondria, osmotically shocked by suspension in 10 mm HEPES, retained two-thirds of their serine transacetylase activity. In contrast, absorbed 0-acetylserine sulfhydrylase activity was washed from the mitochondria by either of the above procedures. It is concluded that a significant amount of the serine transacetylase activity, found in this tissue, is firmly associated with the mitochondria. The present experiments do not make clear whether the serine transacetylase activity present in the soluble fraction is due to mitochondrial damage during isolation or a second enzyme.
Effect of Sulfur Nutrition on Serine Transacetylase and O-Acetylserine Sulfhydrylase Levels in Plants. Sulfur-deficient kidney bean plants were obtained by growing seedlings for about 3 weeks on a mineral solution containing no sulfate. Decreased fresh weight gain was used as a criterion of the onset of sulfur deficiency (Table II) , although in certain cases this was accompanied by yellowing of the leaves. The decrease in fresh weight gain was correlated with a decrease in total protein per plant. The amount of protein per gram fresh weight of tissue was less in sulfur-deficient plants. When the cotyledons were not removed from seedlings, sulfur-deficiency symptoms were not observed after a 6-week growth period, at which time the plants had flowered and set seed. This is probably due to the mobilization of sulfur stored in the cotyledons, principally as S-methylcysteine (16) .
The total serine transacetylase activity of roots declined between 14 and 21 days, and then remained relatively constant (Table I and Table III ). This drop in activity was principally due to a decrease in the activity present in the soluble fraction. The serine transacetylase activity present was apparently independent of the sulfur status of the plant, since the total extractable activity per gram fresh weight of tissue or per milligram of protein was only slightly different in sulfur-deficient and sulfur-sufficient plants (Table III) . By contrast, there was an increase in the activity of 0-acetylserine sulfhydrylase when plants become sulfur-deficient. This latter observation may indicate that the synthesis of the enzyme is repressed by an end-product of sulfur metabolism. However, the derepression of 0-acetylserine sulfhydrylase in bacteria, by growth on djenkolic acid as a sulfur source, results in a 2-to 3-fold increase in enzymatic activity (9) .
DISCUSSION
In Salmonella typhimurium, the enzymes which catalyze the two step synthesis of L-cysteine from L-serine, acetylCoA, and sulfide, are under certain conditions, associated into a multifunctional protein complex, cysteine synthetase (10) . Previous data indicated that the higher plant enzymes do not associate (14) ; this is supported in the present study by the observation CYSTEINE BIOSYNTHETIC ENZYMES that a fraction of the serine transacetylase activity is firmly bound to mitochondria, whereas all of the 0-acetylserine sulfhydrylase activity is present in the soluble fraction.
Serine transacetylase in S. typhimurium is subject to feedback inhibition by very low concentrations of L-cysteine (11), but is not repressed by growth on L-cysteine as a sulfur source (9) . In addition, the sulfur metabolism of E. coli (7, 8) and S. typhimurium (9) is regulated by 0-acetylserine, which is required for the induction of several of the enzymes catalyzing the reduction of sulfate to sulfide. The serine transacetylase isolated from bean seedlings is apparently less sensitive to feedback inhibition by L-cysteine (14) . The present experiments show that the total extractable serine transacetylase activity was not specifically affected by the growth of plants on sulfur-deficient mineral medium. Similarly, in S. typhimurium sulfur starvation does not result in any derepression of this enzyme (9) . Recently, 0-acetylserine has been shown to be a substrate in the biosynthesis of the 8-substituted alanines, mimosine (in Leucaena), and 8-pyrazol-1-ylalanine (in cucurbits) (13) . Certainly in these plants one would not expect serine transacetylase to be regulated exclusively by sulfur metabolites. However, in Phaseolus and certain other plants, no alternative role has been assigned to 0-acetylserine except as a precursor of cysteine and S-methylcysteine (4, 17) .
O-Acetylserine sulfhydrylase is repressed in S. typhimurium grown on L-cysteine or sulfide and derepressed when grown on L-djenkolic acid (9) . By contrast in certain bacteria, i.e., Pseudomonas aeruginosa, Bacillus megaterium, and Desulfotomaculum nigrificans the levels of 0-acetylserine sulfhydrylase do not correlate with the source of sulfur for growth (3) . In the present study there was an increase in the activity of this enzyme when plants became sulfur-deficient, which may indicate that the synthesis of the enzyme is usually repressed by an end-product of sulfur metabolism. Experiments are in progress with plant cell tissue cultures to determine whether the increase in 0-acetylserine sulfhydrylase activity is due to de novo protein synthesis (i.e., derepression) or activation of a preformed enzyme.
